Heart failure (HF) incidence could cause further complications to other body organs, which might sometimes be fatal, and is accompanied by various biochemical alterations i.e. enzymatic changes. The objective of this study was to measure the activity of gamma glutamyl transferase (GGT) as an early diagnostic indicator for HF patients; and to isolate the iso-enzymes for the purpose of finding the Michaelis-Menten constant (Km) and the maximum velocity Vmax of each iso-enzymes which enable follow up the development of HF disease. Samples of blood sera were collected from 120 patients of both genders (70 males and 50 female, aged 30 -38 years old). Partial purification of iso-enzyme GGT was performed by precipitation, gel filtration, and ion exchange of the two iso-enzyme (I and II). The purity of the enzyme was confirmed by using Sodium dodecyl sulfate-polyacryl amide gel electrophoresis (SDS-PAGE) into two clear bands. The results were compared with other 80 samples of healthy volunteers whose ages ranged between 25 -78 years old, used as control. There has been a significant increase (p ≤ 0.01) in the activity of the enzyme GGT in the heart failure patient (66.9 ± 1.7 IU/L) in comparison with control (12.07 ± 0.60 IU/L). It is concluded that measurements of the iso-enzyme GGT could well benefit as a clear indicator criteria in prognosis of heart failure.
Introduction
To maintain regular homeostasis in the body, various enzymes act as catalysts in Advances in Bioscience and Biotechnology specific biochemical reaction manners normal and healthy status. Accordingly, any changes in the enzyme levels of the body could indicate a certain body malfunction, disorders detectable by certain biochemical tests. The gamma-glutamyltransferatse (GGT) is an enzyme, of molecular weight 68,000 Dalton found in many tissues, e.g. liver, gallbladder, spleen, pancreas, and kidneys that play a fundamental role in metabolism of glutathione as an anti oxidant agent [1] [2] [3] . The GGT plays a significant role in helping the liver metabolize drugs and other toxins and functions in the body as a transport molecule, helping to move other molecules around the body i.e. glutathione to an acceptor that may be an amino acid, a peptide or water [1] and in degradation of glutathione, drug and xenobiotic detoxification [4] . Other lines of evidence indicate that GGT can also exert a pro-oxidant role, with regulatory effects at various levels in cellular signal transduction and cellular pathophysiology [5] .
There is a strong evidence to correlate the raise in GGT level in the sera with the increase in hypertension [6] , diabetes, cardiac [7] and other vascular diseases [8] . The activity of the enzyme GGT though could be affected by at least two factors i.e. temperature and pH. The ideal activity of the GGT varies between female (24 IU/L) and male (2 -30 IU/L) at 37˚C and pH 8.2 [9] . The GGT test is currently being the most sensitive enzymatic indicator of liver damage which is done in parallel with other tests that measure liver enzymes. Elevated levels of GGT are noted not only in the sera of patients with alcoholic cirrhosis [10] and in primary or secondary (metastatic) neoplasms [11] . Elevated serum values are also seen in patients receiving drugs such as phenytoin and phenobarbital, which are thought to reflect induction of new enzyme activity [12] . Normal values are observed in renal failure and in various muscle diseases e.g. skeletal disease, children older than 1 year and in healthy pregnant women-conditions [13] .
The test can also monitor GGT levels for people who have been treated for alcoholic hepatitis as well as in screening for chronic alcohol abuse and to monitor alcohol treatment receivers treatment (alcoholism) or alcoholic hepatitis [14] .
Similarly, heart failure (HF), a potentially fatal condition is very common disease worldwide and could suddenly attack various people e.g. in developed countries a percentage of HF reaches 2% in adults and could increase up to 6% -10% [15] .
In the United Kingdom, the disease is the reason for 5% of emergency hospital admissions [16] . No records are available in Iraq about HF due to lack of central record by Ministry of Health. In such medical conditions, a few enzymatic changes are noticed in many other disorders detectable from blood tests, electrocardiography, and chest radiography to determine the underlying cause of Chronic Heart Failure [17] . Enzymatic changes in the body are carried out via various mechanism and their biological action to body organs vary too pending on a few factors. It is therefore suggested that measurements of GGT enzymatic activity may also be indicative to early risk of heart failure (HF). The activity of GGT therefore is likely to change pending on changes in health condition. The general practitioners (GP) may order the GGT test when in suspect of liver The objective of this research has been to: 1) assess the activity of GGT enzyme levels in sera of the suspected HF patients as an early indicator of the heart failure; and to 2) isolate the iso-enzymes-I for the purpose of finding the MichaelisMenten constant (Km) and the maximum velocity (Vmax) of each iso-enzyme to enable follow up the development of HF disease.
Materials and Methods
Two hundred blood samples were collected from both genders for the period 
Estimation of GGT Activity in Serum
The basic principle of this method is known as Szasz [18] . The equation of interaction can be illustrated as follows:
The rate of the composition of nitroenylin, which is directly proportional to GGT activity in the sample, is measured at (450 nm). To measure the activity of the GGT enzyme a 1 ML Reagent is incubates at 37˚C for 30 seconds and then added to 50 ML Specimen or Calibrator. The mixture was well mixed and the absorbance at (405 nm) was recorded after 30 seconds per minute in 3 minutes.
Estimation of the Total Protein Level in Serum
This principle is based on the activation of the protein-containing serum sample with the basal potassium nitrate solution (Cu 2+ in a basal environment) known as the Biuret Reagent to give a complex of purple color, the absorption intensity based on the number of peptide bonds in the protein, measured by the absorption intensity at wavelength (550 nm) [19] .
The working method for total protein determination was determined by using 20 µL as standard volume against the same amount of serum samples. For reagent 1 (R1) and reagent-2 (R2) 1.0 mL were used as for blank, standard and samples of serum too. Solutions were mixed and left within the room temperature for 10 minutes. The estimation was then performed via reading the absorption spectrum for the sample and the standard solution at a wave length 550 nm 
The GGT Enzyme Was Purified Using the Following Steps
In order to remove the remaining Ammonium Sulfate from the protein deposition, the dissolved protein is placed, from the above step, in membrane of the dialysis bag following measuring the activity of the GGT and protein concentra- 
Concentration of Dissolved Protein
The dissolved protein was deposited in the membrane separation bag and dipped in sucrose crystals for 30 -45 minutes at 4˚C.
Gel Filtration
This method is based on the difference in molecular weight which is used as an initial step to partially eliminate the salts and proteins associated with the enzyme. The filter column of the Sephadex G150 was used. Ion exchange chromatography was used via DEAE-Cellulose A50 resin column to purify GGT from the central protease and separate its isomers.
Electrolysis of Acryl Gel with Ammid Presence of SDS
Sodium Dodecyl Sulfate-Polyacryl Amide GelElectrophoresis (SDS-PAGE) The
Laemmli method [21] was used in the preparation of electrolyte separation gel with some modifications using 10% acryl-amide gel and Coomassie brilliant blue.
Results

1) Estimation of GGT activity in serum:
The arithmetic means of general GGT activity in the sera of the heart failure (Table 1) . The results showed significant differences between patients and healthy control as well as significant differences between the age groups of patients at p ≤ 0.01 in comparison with healthy control. The levels of GGT have been proportional with both severity of the disease and with age.
2) Effects of electrolytes:
The arithmetic means in the levels of electrolytes Sodium, Potassium and Chlorine (Na
+1
; K +1 and Cl −1 ), respectively measured in m.mol/L in the sera of HF patients and their counter parts control as showed an insignificant difference in the level of Sodium ions between the males and females whereas a significant difference (p ≤ 0.01) was seen in Potassium ions in the males only. However, both males and females showed significant differences (p ≤ 0.05) in Chlorine ions (Table 2) .
3) Partial purification of GGT enzyme of HF patients:
Using 60% Ammonium Sulphate and after obtaining the required purity, the (Table 3) . A single peak was obtained (Figure 1 ) with purity of 3.65 times and enzymatic purity of 47.3%. In order to complete the subsequent purification stages, the GGT isomers were separated by ion exchange chromatography using the DEAE-Cellulose A50 resin as a column filler and a graduated solution of sodium chloride. Ion exchange chromatography method was used to separate and purify the enzymes that are based on the principle of verified charges of the isomers with the corresponding purity of (5.24) times, as shown in Table 3 .
With the electrode separation method (SDS-PAGE gel) at a concentration of 10% with CBB R250 dye, two bands appeared separated from the GGT were expressed in the ion exchange method (Figure 2 ). The location of these packages refers to the molecular weight of these isomers as 68 KDa. The enzyme carries a negative charge as it is attracted to the positive electrode leading to move the protein in the gel accordingly. 5) The effect of pH over the reaction speed of the purified iso-enzyme-I:
Using various levels of H + in the working isotonic solution used in the reaction of GGT iso-enzyme-I leads to raise in the reaction velocity with the raise of H+ up to the maximum speed at the ideal pH, 8.3 where it reaction of isoenzyme will go down accordingly. 6) The effects of reaction time on the activity of the iso-enzyme-I (Optimum time):
The reaction time of the purified GGT iso-enzyme-I isolated from the sera of the HF patients was evaluated against the activity using 2 mM of the basic The effect of temperature on the activity of the iso-enzyme-I (Optimum temperature):
The results showed a high reaction rate for the iso-enzyme-I of the GGT purified sera of both HF patients and the healthy with the increase in temperature and a maximum temperature of 37˚C (Figure 7 (a) and Figure 7(b) ). 8) Effect of Amino Acids and Glutathione on iso-enzyme-I Purified from Serum:
The effect of some amino acids against the speed of the isoenzyme-I reaction of GGT purified from the sera of HF patients was assessed. The amino acids Glutathione, Arginine and Glycine with concentrations i.e. 0.5, 1, 2, 4, and 10 mM showed varying degrees of inhibition against the isoenzyme-I. The maximum degree of inhibition was found at 10mM concentration by an inhibition ratio (71.4%, 72.7% and 63.6%) ( Table 4) .
To identify and determine the type of inhibition caused by the glutathionine, arginine and glycine of the purified iso-enzyme-I of HF patients various concentrates of these three amino acids were used with different substrates of GPNA.
The results using Dixon drawing are illustrates in Figures 8(a)-(c) where the plot of the relationship between 1/v versus the inhibitory concentration.
9) The effects of drugs on iso-enzyme-I purified from sera of HF patients:
The effect of some chemicals on the reaction speed of the purified GGT isoenzyme-I from the HF patients using Aspirin, Digoxin in several concentrates i.e. (0.5, 1, 2, 4, and 10 mM). There has been varying levels of inhibition in the iso-enzyme-I with a maximum inhibition at 10 mM of 54.5% for Digoxin 45.5% for asperine (Table 5 ). Figure 7 . The effect of temperature (˚C) on the activity of the purified iso-enzyme-I GGT from. HF patients and Control, respectively. Table 4 . The inhibition proportion represented as arithmetic means of the three amino acids Glutathione, Arginine and Glycine using various concentrations of the iso-enzyme-I in HF patients and ± SD. 
Discussion
A total of 200 patients encountered, in this research, would benefit to provide a robust source of data for the reliability of the biostatistics and the conclusion.
Accordingly, the five folds increase in the rate of GGT in heart failure (HF) patients in comparison with the control indicates an unbiased significant difference, at the absence of any other factors which may interfere to influence the elevation of GGT readings. The general results in this research are in agreement with most recent works and could favor in predicting the possibility of mortality in heart failure, cardiac and visceral disorders of elderly people [22] [23] [24] [25] [26] . An elevation of GGT activity is seen in all forms of liver disease particularly in intra-or post-hepatic bill obstruction [27] . High levels of the enzyme GGT detected has been an early forecast for development of a premature arteriosclerosis and other cardiovascular diseases, i.e. myocardial infarction, heart failure, stroke, and diabetes, as well as increase the enzyme level in cases of triglycerides high cholesterol liver disease and excessive alcohol consumption factor [24] [25] [28] - [37] . The activity of GGT in this study in male HF patients was higher than those of female in comparison with their counterpart control. This result is in concomitant with other recent studies [24] [36] [37] . The gender variation of GGT levels could be attributed to female hormones and the nature of myocardiocytes, which are more resistant to cell death. The latter is controlled by estrogen hormone, which induces the cardiac system and blood vessels to increase resistance to the cell death while 5% of proteins produced by myocardiocytes are controlled by estrogen [38] [39] [40] . Hence, the significant age-relevant increase in the GGT levels of the HF patients is likely to be proportional with the severity of the disease and the senility.
Various experiments carried out in the present study targeted to explore a clear understanding the role GGT in HF patients. Electrolyte is an important role in controlling various physiological activities as ions within the body liquids. The Sodium ions form almost 2% of the body fluids while the Potassium 5% and the chloride 3% of the total elements present in the body liquids. Both Na + and Cl − exist together in cellular fluids, while K + is the primary constituent of cells [41] (role in neurotransmission and cell growth and it is a catalyst for many enzymes [42] [43]). The increase in potassium indicates stress in the function of kidney and reduction in the glomerular filtration rate (GFR) [44] [45]
[46]. This could be attributed to the poor circulatory system course failure in fluid discharge from the body in patients suffering accumulation of body fluids.
The latter leads to low cardiac output, increased central venous pressure, and increase in venous renal pressure. As a consequence, the pressure of GFR will decrease down [47] . The results showed a significant increase Chloride concentration in both genders in comparison with counter control as the Chloride exist mainly at the extra cellular matrix (ECM) [41] . This could be attributed to the metabolic acidosis, which leads to increase its concentration in the blood [48] .
The latter is followed by the size and shape of the protein as the enzyme protein [49] . The Km of the enzyme GGT in human varied within organs i.e. 0.7 mM in pancreas, 0.91 mM in the duodenum [52] , while the Km value of the purified GGT extracted from the human neutrophils had 1.8 mM [51] . No previous record is found so far in previous works concerning the kinetic of the purified GGT from the HF patients.
The pH can affect the enzyme activity due to the variation in its nature and chemical structure as well as the presence of various ionic groups which the enzyme carries [62] . All enzymes work at an ideal pH leading to change in the concentration of H + ion [63] . Any change in the H + leads to the reduction in the enzymes activity [64] as the enzyme posses a complicated three dimension configuration which plays a role in the establishment and action of active site of the enzyme. Any change in the hydrogen ion H + could, accordingly, lead to the removal of the natural configuration of the enzyme (or denaturation) of the enzyme due to changing in the ionization status of the amino acids at the active site of the enzyme, as a consequence to loss of enzyme activity [64] . Our result is in concomitant with a most recent work on human Neutrophils [51] and Helicobacter pylori in intestinal mucosa of human [49] . It could be attributed to the nature of the enzyme itself as the bonds break down by the time passed between each pair of amino acids.
The enzymes posses an optimal temperature with a little variation [±] from the temperature of the cell which they are existed in and the reaction speed is proportional with the temperature up to an optimal temperature when it gradually comes down. The latter is attributed to the gradual mutilated enzyme molecules which decrease or demolish the enzyme molecule where it works due to the reduction or loss of enzyme efficacy. This reduction is facilitated by the effect of high temperature on to the ionization of the aggregates present on the surface of the enzyme and on the basic components. Therefore, any increase in the temperature leads to alterations in the enzyme's natural and shape, causing loss of enzyme activity. The high temperature levels increase the kinetic energy which The glutathione acts as a competitive inhibitor as the Km increases while the maximum velocity (Vmax) remains consistent with the increasing concentration of competitive inhibitor. Accordingly, it could be possible to inhibit this type of inhibition by increasing the concentration of the base material. Such result is in concomitant with other studies [65] . However, with arginine and glycine they act as non-competitive inhibitors where Km remains constant while the maximum velocity (Vmax) is reduced on the assumption that the basic material has the same tendency to correlate with each of the free enzyme-E and the inhibitory enzyme, while no evidence of GGT inhibition was ever tackled in other literatures [66] . The goal of purification has been to identify the GGT iso-enzymes in order to obtain the Km and Vmax for each iso-enzyme for comparative purpose as a tool to diagnose the HF status.
Finally, the capacity and a consequence response of an individual to any change in the mechanics of action of a drug is an important factor in the drug interactions. Many drugs can cause various mechanical effects to the physiology of the body as a drug may act on a single or multiple receptors or may affect site-links of some receptors, as well as competition in the link mechanism towards the same location or adversely. The latter could either be competitive or non-competitive [67] . These pharmacokinetics interactions can affect the distribution of different mechanism i.e. absorption, transport, metabolism or distribution of drugs as some drugs may also activate or inhibit the enzymes, which play a role in the cellular metabolism i.e. the effect of the drug on human liver enzymes [68] .
In order to obtain a high level of purification, the proteins could usually be concentrated during the first purification stages of the enzymes by removing a big deal of water from it. Salts, such as ammonium sulphates, are often used for this purpose due to their good solubility in water. Precipitation takes place via salts as a result of equilibrium of protein ions by the action of salt leading to decrease in solubility of protein which the process called salting outside (Salting out) [69] . The mechanism of elevation of the GGT in heart failure victims is not clear enough at this stage but is most likely that it is due to its effects on cardiac muscle rhythm and capacity.
It is concluded that the GPs may also order the GGT test as a direct tool to prognosis the early HF condition in patients suffering from cardiac muscle disorders.
